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ABSTRACT
Species that are vulnerable to predation exhibit a host of behavioral and 
physiological adaptations toward the avoidance of this outcome: Heightened awareness 
of surroundings through visual, olfactory, and auditory senses are common ways in which 
these species avoid detection by predators. While links between direct predator-prey 
relationships are well established, less is known about how predators can shape overall 
community structure or the populations of secondary or less frequently consumed prey 
items. As humans expand into rural areas, the frequency of wildlife conflicts rises. In 
response, humans look to prevent these events with a variety of methods. One such 
method is deterrence of nuisance species with olfactory cues from predator urines. 
However, the efficacy of this method remains unknown. In this thesis, I present two 
projects. In Section 1, I used data gathered from the Ozark Research Field Station to 
assess predator urine avoidance by nuisance wildlife (primarily raccoons) at the Missouri 
S&T Ozark Research Field Station, Newburg, Missouri. I found that the presence of 
predator urine deterred raccoons from consumption of high-quality food sources. In 
Section 2, I used a dataset from Tyson Environmental Research Center, Eureka, Missouri 
to determine mammal community structure in response to captive predator presence. I 
established concentric buffers around a captive predator zone and examined differences 
in mammal communities within each buffer. Mammal communities changed as distance 
from the predator enclosure changed. These results have implications for management of 
nuisance, game, and predator species in Missouri Ozark ecosystems and extend our 
understanding of ecological interactions among predators and their prey items.
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1. INTRODUCTION
In this thesis I will be introducing the topic of predator scent and presence altering 
mammal assemblages in the Missouri Ozarks. As the topic is introduced, this section 
serves as the introduction. The introduction was preceded by an abstract, which 
introduced the introduction by summarizing the thesis contents and introducing the ideas 
to be presented. By introducing the topic here, I have sufficiently prepared you for the 
sections that are to follow, of which there are two, each with their own introductions.
As I will introduce and then describe in section 1, predator scent has a history of 
altering mammal assemblages. As described in the thesis abstract, presence can also alter 
these assemblages. The Missouri Ozarks is home to many mammal and predator species. 
Its unique habitats make great homes for predator and prey species. Then, I will also 
introduce and describe my second chapter evaluating the effects of concentrated canid 
presence on free roaming wildlife in Missouri, USA. As I introduced in the thesis 
abstract, in this section, I will ask if confined canids could have an effect on the presence 
of the free roaming wildlife across the area.
For the purposes of this thesis, the following terms are being defined as follows: 
Abundance is the maximum number of a species in a single picture in a single 
location. Occurrence is the presence/absence of a species in a single location. Activity is 
the number of photos captured of a species in a single night at a single location.
2
PAPER
I. USING CAMERA TRAPS TO EVALUATE PREDATOR URINE AVOIDANCE 
BY NUISANCE WILDLIFE AT A RURAL SITE IN CENTRAL MISSOURI, U.SA
Cara Jean Yocom-Russell and Robin M. Verble, Ph.D.
Department of Biological Sciences 
Missouri University of Science and Technology 
Rolla, Missouri, USA.
ABSTRACT
Predator urine is sold commercially and marketed as a deterrent for nuisance 
wildlife: Previous studies have shown mixed support for this application. We assessed 
the potential application of coyote urine as a mesocarnivore deterrent at the Ozark 
Research Field Station in south-central Missouri, U.S.A. The field station is a 10-acre 
residential university property bordered by state conservation land and national forests.
In Fall 2019, bait stations were deployed at eight sites at the field station. A bait 
station consisted of one game camera and one bait pile (protein). Each bait station was 
deployed for 21 consecutive nights (8 sites * 21 nights = 168 trap nights). From days 7­
14, coyote urine was deployed at all bait stations. Bait piles were weighed and refilled 
daily. Camera traps were assessed for battery charge and card storage daily. Bait removal, 
diversity, species composition, occurrence, activity, and abundance were compared 
among treatments. Raccoons were the most abundant and active species at all bait 
stations, and Virginia opossum was the second most abundant. Raccoon occurrence and
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bait removal decreased during urine treatment; however, raccoon abundance and 
activity did not change. Bait removal was highest during and post-urine treatment. Our 
study concludes that coyote urine has limited effects as a raccoon deterrent at our study 
site.
Keywords: behavior, foraging, human wildlife conflict, mesocarnivore, Missouri Ozarks, 
Procyon lotor, rural wildland interface, vertebrate pest.
1. INTRODUCTION
As human population and global land use increase (Seto et al. 2011, Ortman 
2015), wildlife habitat concurrently decreases (Martinuzzi et al. 2015). The search for 
new habitat and resources results in unanticipated human and wildlife interactions 
(Brooks et al. 2020) and increased risk to both wildlife and human livelihoods ("human 
wildlife conflict", Acharya et al. 2017, Ascensao et al. 2019). The most commonly 
reported human wildlife conflicts result from crop damage (Hinton et al. 2017), animal 
exposure-related health risks (Veeramani et al. 1996, Pieracci et al. 2019), and nuisance 
wildlife in and around structures (Douglass et al. 2003). One strategy to mitigate human 
wildlife conflicts is the use of non-lethal deterrents are employed. Several companies 
(e.g., Maine Outdoor Solutions, Deer Busters) manufacture and market products designed 
to exclude wildlife through visual (flagging on fences, per Zarco-Gonzalez & Monroy- 
Vilchis 2014), olfactory (predator urine, per Stryjek et al. 2018), or auditory (playback of 
machinery, per Wijayagunawardane et al. 2016) deterrents. One such deterrent is 
predator urine, which is marketed to exclude nuisance mesocarnivores.
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Predator urine has been examined as a tool for nuisance animal deterrence in a 
handful of other studies. Severud and colleagues examined the North American beaver 
(Castor canadensis) responses to predator urine on common foraging trails (2011). They 
found that beavers shifted their visits away from trails that were inoculated with predator 
urine. Studies of potential predator urine avoidance by deer (Belant et al. 1998) and small 
mammals (Orrock and Danielson 2009) have found limited to no effect of urine on 
species behavior patterns. The sulfur in urine may serve as the primary compound 
responsible for deterrence due to its volatility and odiferous nature (Nolte et al. 1994).
Mesocarnivore-human conflicts, the focus of our study, present several unique 
risks, including disease transmission to humans (Ma et al. 2018) and domestic animals 
(Lopes et al. 2016), damage to and destruction of property (Vercauteren et al. 2010), and 
nuisance noise and interactions (Hill et al. 2007) Common mesocarnivores in the Ozark 
Mountains include Procyon lotor (Raccoon), Didelphis virginiana (Opossum), and 
Mephitis mephitis (Striped Skunk). Many of these species are generalists that have 
acclimated to and thrive in human settlements (Johnson 1970). In particular, raccoons 
have adapted to human settlement by occupying human homes in in attics and feeding on 
refuse and garbage. They also carry unique risk as vectors of viruses (Roberts et al. 2009) 
directly to humans and through the deposition of feces in areas that domestic animals 
frequent. Heddergott and colleagues (2017) found the protozoan parasite Toxoplasma 
gondii in raccoons located in central Europe; T. gondii has been linked to 
neuropsychiatric symptoms in humans (Wong et al. 2013). Other diseases such as 
raccoon roundworm (Baylisascaris procyonis) have been documented in the United
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States: Cases of raccoon roundworm have spread outside their historic range in the past 
decade (JAMA 2016).
Raccoons are generalists whose primary diet consists of plant and animal matter, 
including seasonal fruits, crayfish or opportunistic injured animals (Schwartz & 
Schwartz, 2001). Raccoons are primarily nocturnal but will travel during dawn and dusk 
(Greenwood 1982). Their breeding season usually lasts from mid-late winter until the 
beginning of summer (Fritzell et al. 1985). Litters are usually born in April or May, with 
an average of 3-4 young. Young stay with their mothers up until the spring after birth 
(Hamilton Jr. 1936). Raccoons do not hibernate during cold times in the winter but will 
stay in dens during harsher weather. They also use these dens to avoid predators and 
protect their young. Coyotes and bobcats are two of the most common predators of 
raccoons (Kamler & Gipson 2004).
This study examined the efficacy of predator urine as a passive deterrent for 
raccoons and other mesocarnivores at a rural site. We predicted that coyote urine would 
deter raccoons from food resources and would increase the abundance and activity o f 
predators at these resources.
2. MATERIALS AND METHODS
2.1. FIELD SITE
This project was conducted at the Ozark Research Field Station, a rural biological 
field station owned by Missouri University of Science and Technology, located in 
southern Phelps County, Missouri U.S.A. The 10-acre field station is surrounded by the
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state-managed Bohigian Conservation Area (Missouri Department of Conservation) and 
the federally-managed Mark Twain National Forest (USDA Forest Service). The Ozark 
Research Field Station property is comprised of ponds (30%), wetland (30%), pasture 
(20%), and shrubland habitats (10%). Local and regional forests are dominated by oak 
(Quercus spp.), hickory (Carya), and short-leaf pine (Pinus echinata). The wetlands are 
dominated by mixed grasses and early successional tree species (e.g., Salix, Celtis, 
Cornus). Human-wildlife conflicts at the site include raccoon latrining on porches, 
rodent and bat entry into structures, beaver-mediated flooding, and aquatic rodent 
burrowing into dams. The field station attempts to use non-lethal and passive deterrents 
to control these conflicts, when possible. Primary concerns of field station leadership 
include non-target effects, destruction of monitored populations, and loss of ecosystem 
function. Concern about the potential transmission of B. procyonis at latrine sites and 
potential loss of local diversity at latrines (Weinstein et al. 2018) led to the initiation of 
this study (Page et al. 1998).
2.2. FIELD METHODS
2.2.1. Bait Selection. To determine which food resources would most effectively 
recruit raccoons, we examined the consumption of two bait types from 3 September -  13 
September 2019. We selected known food sources that had comprised large portions of 
raccoon diets in previous studies: corn (Hamilton 1940, Rivest and Bergeron 1981) and 
cat food (McCleery et al. 2005). Baits were deployed at eight stations located at least 25 
m apart across the field station in two separate pans (Figure 1). Each pan was initially 
filled with 1000 g. Half (N = 4) of sites were treated with 500 g of sugar beet powder
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(Wildgame Innovations), and half of the sites were treated with a 2 kg salt block 
(VitaRack, Figure 1) to encourage detection of the baits. Salt block and sugar beet 
treatments were only conducted on Day 1 of the study. Cat food and corn baits were 
refilled to 1000 g daily. Bait removal was measured using a portable scale.
We monitored bait sites with Herter’s 12MP cameras with a 3-burst sequence. 
Each camera was mounted on a 1m t-post, using a t-post camera mount (HME Products 
T-Post Trail Camera Holders). The camera was oriented down 10 degrees from 
horizontal to view the bait, which was placed 1 m away. All sites were measured daily for 
loss of bait and camera cards were collected. We refilled baits and checked cameras 
between 900 h -  1500 h to limit potential disruption of crepuscular species.
2.2.2. Mesocarnivore Deterrence. We deployed eight monitored bait sites at the 
field station from 28 September to 19 October 2019. We monitored bait sites with the 
same cameras and settings used in the bait selection study. Baits were placed in 
aluminum disposable baking pans filled with 2000 g of cat food (Master Paws). Cat food 
was selected because of its high rate of consumption during the bait selection experiment 
(see Results: Bait Selection). Sugar beet powder (Wildgame Innovations, 140g) was 
deployed on Day 1 of the trial as an attractant and refreshed on Day 8 and Day 15. Bait 
pans were anchored to the ground using garden staples to prevent movement out of 
camera frame. Stations were deployed in daylight hours between 900 h - 1500 h to avoid 
disturbance of crepuscular activity. Bait stations were deployed for 21 consecutive nights. 
From Nights 1-7 (pre-urine) and 15-21 (post-urine), bait stations were untreated. From 
Nights 8 - 14 (urine treatment), a cotton-wicked scent tag soaked in 15 mL of coyote
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urine (PredatorPee brand) was attached to the t-post. Scent tags were refreshed every 48 
hours, unless rainfall occurred in which case the tag was refreshed at the next bait check.
Bait stations were checked and weighed to the nearest gram daily during daylight 
hours using a portable scale. Spillage around and near the pan was returned to the pan for 
weighing. Baits were refilled to 2000 g after weighing. Camera battery life, settings, and 
SD card storage were checked daily.
Temperature (C) was logged on-site during bait weighing using a portable 
weather station. Rainfall was recorded using the local USGS rain gauge (USGS 2019). 
Rainfall data was used to estimate potential bait weight deviations associated with water 
absorption by the cat food. In the laboratory, we tested three different bait masses (10 g, 
50 g, 100 g) wetted to depths that corresponded with rainfall totals observed during the 
experiment (1 cm, 2 cm, 3 cm, 4 cm). Each combination of mass and rainfall depth was 
replicated three times (N = 36 total wetting trials) and left to soak for 24 hours. The 
following day, any standing water was poured out of the pan and the saturated bait was 
weighed to provide estimates to account for overestimates of remaining bait weight in 
field trials.
2.3. DATA ANALYSIS
Game camera photos were analyzed using Colorado Parks and Wildlife Photo 
Warehouse (Newkirk 2016). Each photo was tagged with metadata including species 
occurrence and abundance in each individual photo. For the bait selection study, we 
analyzed the effect of salt block and sugar beet presence using a two-way ANOVA
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examining sites and treatments. We regressed bait removal against total number of 
photos containing detectable animals and calculated R2 values.
For the mesocarnivore deterrence study, total number of photos, species 
composition, raccoon activity (number of photos containing a raccoons per night), 
raccoon abundance (represented as the maximum number of individuals of the same 
species in a single photo per night), rainfall presence, bait mass loss, and Shannon 
diversity were compared among treatments (bait types, pre-urine, urine treatment, and 
post-urine) one-way analyses of variance (ANOVA, alpha = 0.05). Student multiple 
comparisons tests were used to examine significant differences among treatments. We 
individually regressed raccoon activity against temperature and Shannon diversity and 
calculated R2 values. We also regressed bait removal and total number of photos 
captured and calculated R2 values. We calculated total species composition across all 
sites and dates and calculated relative abundance of all species with at least three 
individual photos by dividing the total number of photos containing a species by the total 
number of photos that detected animals. Data were analyzed and visualized using JMP 
statistical software (SAS 2019) and Excel (Microsoft Office 2019).
3. RESULTS
3.1. BAIT SELECTION
Over the ten-night bait trial, we collected a total of 58,749 photos. The mean 
nightly bait loss of corn baits was 295.8 g (SE = 46.8). The mean nightly bait loss of cat 
food was 888.3 g (SE = 71.8). Our analysis showed no effect of site (p = 0.81), so site
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was removed from all further models and analyses. The presence of a salt block did not 
significantly influence cat food (p = 0.063, d f = 87) or corn (p = 0.063, d f = 87) bait 
removal. The presence of sugar beet powder significantly increased bait removal for corn 
(p < 0.0001, d f = 87) and cat food (p = 0.0002, d f = 87). As the number of photos 
captured per night increased, cat food mass loss increased (R2 = 0.15, p = 0.0007) and 
corn mass loss also increased (R2 = 0.12, p = 0.0002).
3.2. MESOCARNIVORE DETERRENCE
We collected a total of 149,236 photos (86,662 containing detectable animals) 
over the 21-day study. O f these, 77,527 (90%) were of raccoons, 4,701 (5%) were of 
opossum, and the remaining 4,434 were comprised of 16 additional species (Table 1). A 
total of 15 photos of raccoon predators were recorded during this study. Given their low 
occurrence and proportion of total photos (0.0002%) , we did not statistically analyze 
these.
During this trial, total numbers of photos captured did not vary among pre-, urine­
, and post-treatment sites (df = 167, F = 1.15, p = 0.3203). Shannon diversity metrics 
were not significantly different among treatments (df = 167, F = 1.48, p = 0.2299).
Overall bait removal was lowest pre-urine treatment, increased during treatment, and 
remained elevated post-treatment (Figure 2, d f = 167, F = 4.42, p = 0.0135). Bait 
removal correlated positively with the number of photos captured per night (Figure 3; d f 
= 167, R2 = 0.11. p < 0.0001).
Abundance of raccoons (maximum number of raccoons in a single photo per 
night; (df = 20, F = 0.09, p = 0.7662) and mean number of raccoon photos per night (df =
11
167, F = 0.34, p = 0.56) were unchanged across all treatments. Raccoon occurrence 
(presence) decreased during urine treatment (Figure 4; d f = 167, F = 27.73, p = 0.0681). 
Bait removal increased as mean number of raccoons increased (Figure 5, R 2 = 0.13, p 
<.0001). As mean number of raccoons per photo increased Shannon diversity increased 
(Figure 6; R2 = 0.07, p = 0.0006). Warmer temperatures correlated with more raccoon 
photos per night (Figure 7; R 2 = 0.03, p = 0.03), but rainfall (categorical, 
presence/absence) had no effect on raccoon activity.
4. DISCUSSION
Overall, we found limited support for the use of coyote urine as a raccoon 
deterrent and no support for coyote urine as a predator recruitment tool. We found that 
coyote urine decreased occurrence of raccoons and decreased bait removal (resource 
consumption); however, raccoon abundance and activity remained high when raccoons 
were present. Raccoon activity also increased diversity of other animals at the baits. 
Despite this, predator recruitment to baits and urine was extremely low and not 
statistically analyzed due to insufficient sample sizes.
The seasonal timing and specific location of this study may have contributed to 
the high abundance and activity level of raccoons at these sites (Parsons et al. 2013). 
Habitat and seasonality can be defining factors in raccoon diet (Rulison et al. 2012). Our 
study was completed during autumn when plant matter availability was rapidly declining 
at the site, which may explain the high activity levels, despite a predator sign. Further, 
protein consumption correlates with earlier breeding capacity and the potential for second
12
litters in raccoons (Bissonnette and Csech 1938), suggesting that protein sources 
should be highly desirable food sources, particularly prior to breeding season.
Raccoons are most abundant on forest edges and near streams in Missouri (Dijak 
and Thompson 2000). Additionally, the presence of ponds and permanent water sources 
at the study site may have recruited female racoons in higher numbers (Gehrt & Fritzell 
1998), though we did not specifically analyze sex ratios.
Despite previous reports of predation and the use of coyotes and raccoons as models 
of mesopredator release (e.g., Rogers and Caro 1998), coyote predation of raccoons may 
actually be very low, resulting in no reason for raccoons to change foraging behaviors 
when detecting coyotes. Raccoons are adept climbers and may be able to easily avoid 
coyotes even when they are in proximity to one another (Stuewer 1943). Coyotes may be 
most consequential to raccoons as interference competitors: Gehrt and Prange also found 
no effect of coyote urine as a raccoon deterrent (2007).
As raccoons adapt to human environments, natural resource managers need to 
consider the implications of their interactions and presence. Passive avoidance techniques 
such as predator urine, may work at sites with low raccoon densities, but in urban sites 
where raccoon populations are higher (Prange et al. 2003), other techniques or 
combinations of techniques may be required. Alternative techniques such as eviction 
fluid, noise devices, and visual tools may produce more successful deterrence (Bomford 
& O ’Brien 1990, Mason 1998, Vantassel et al. 2013) in these environments. Future work 
should examine predator urine avoidance in other rural settings, urban settings, and 
among potential predator types, urine brands and concentrations. For example, while 
raccoons are common in urban settings, human infrastructure might lead to fewer
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encounters with predators; thus, predator urines may influence movement patterns 
more markedly than this study produced (Prange et al. 2004).
Future studies should also continue to examine predator use of sympatric cues, as 
our results contradict other published reports which found increases in coyotes in sites 
treated with coyote urine (Windberg 1996, Shivik et al. 2011). Finally, rural 
environments create unique challenges for wildlife that are distinct from “natural” 
undisturbed environments and urban environments that should be evaluated and 
examined, as these challenges inform management strategies and deterrence efforts.
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Table 1. Animal species detected with camera traps during this study. Relative 
abundances are reported as proportions. Only species with at least 5 individual photos
were analyzed.
Species Photos Relative Abundance
Procyon lotor 77527 0.895
Didelphis virginiana 4701 0.054
Neotoma spp. 2091 0.024
Aix sponsa 753 0.009
Corvus brachyrhynchos 433 0.005
Sylvagius floridanius 423 0.005
Canis lupus familiaris 358 0.004
Cyanocitta cristata 159 0.002
Peromyscus spp. 93 0.001
Sciurus carolinensis 60 0.001
Dasypus novemcintus 15 < 0.001
Lynx rufus 15 < 0.001
Sayornis phoebe 15 < 0.001
Marmota Monax 6 < 0.001
Strix varia 4 < 0.001
Thryothorus ludovicianus 3 < 0.001
Tamias striatus 3 < 0.001
Sciurus niger 3 < 0.001
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Figure 1. When testing bait preference, all bait sites (A-E) received 2000 grams of corn 
and 2000 grams of cat food. Salt blocks (1) and sweet beet powder (2) were placed at 













Figure 2. Average mass loss (Y; grams) across treatments (X). DF = 167. F = 4.4227. P 
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Figure 4. Mean number of raccoons per photo (Y) is lowest during urine treatment and 
not significantly different pre- and post-treatment (X) . DF = 167. F = 3.09. P = 0.048. 
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Figure 5. As mean number of raccoons per photo (Y) goes up, bait mass loss increases
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ABSTRACT
Predator concentrations impact the diversity and community structure of prey 
species. Studies have shown that high predator numbers can overload prey species senses, 
causing avoidance of high-quality resources and habitat. We assessed the effects of 
confined canid species presence on the native mammalian wildlife abundance, species 
richness, and diversity at Tyson Environmental Research Center (TERC) near St. Louis, 
Missouri USA across two seasons and two years. Due to change in mammalian 
movement patterns explained in past research, we predicted that the canid species would 
affect the community structure across TERC.
From August - November 2018 and 2019, wildlife cameras were placed in a 100- 
acre grid across the 2,000-acre research center. We created 1,000 m concentric oval 
buffers around The Endangered Wolf Center (the location of the confined canids) that 
included approximately equivalent numbers of cameras. We compared abundance, 
species richness and diversity among years, buffers, and seasons. We concluded that the 
presence of canids impacted native community structure. These results have important
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implications for management of Tyson Environmental Research Center, but also 
ecological implications regarding the distribution of species in relation to their predators. 
Keywords: behavior, foraging, predators, mesocarnivore, Missouri Ozarks
1. INTRODUCTION
Avoiding predation is a top priority for most animals; thus, predator cues can be 
responsible for a large portion of a prey animal’s spatial and behavioral distribution 
(Costa and Vonesh 2013, Wang and Zou 2017). In natural settings, predators spend a 
large portion of their energy masking and camouflaging their presence in an effort to 
successfully capture prey animals. This evolutionary arms race between predator 
avoidance and prey seeking has led to a complex set of conditions and interactions that 
are often difficult to map on a landscape. For example, Angerbjorn and colleagues 
(2002) found that arctic foxes do not indiscriminately prey on lemming species in Arctic 
tundra, but can be selective based on environmental conditions and population densities. 
Other predator-prey dynamics have evolved with specific and environmental selective 
pressures, but are generally adaptive in many local conditions (e.g., antlions and ants; 
Hollis 2017, Yang et al 2018). Distributional data can also conflict based on study design 
or seasonality. Magle et. al. (2014) found that coyote and deer distributions in the 
Chicago metropolitan area overlap while Lingle (2002) found that deer avoid areas with 
high coyote density.
Canid predators generally fill apex predator positions in most North American 
terrestrial ecosystems. They generally use scent markers and urine to delineate territory
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boundaries and communicate status within their social hierarchies (Gese and Ruff 
1997). Thus, their prey items may be particularly sensitive to olfactory cues in addition 
to other signs of their presence. In eastern North American temperate forests, the 
megafaunal and mesofaunal mammalian community is discrete with no migration; 
coyotes represent the top predator position and a suite of approximately 70 smaller 
mammals fill mesocarnivore and herbivore roles. Community dynamics in these systems 
may be represented as a set of steady states where the response functions of prey are 
dependent on predator abundance and distribution and vice-versa. By holding predator 
abundance and distribution constant, we can examine its direct effects on prey abundance 
and distribution. The Endangered Wolf Center (EWC) at Tyson Research Center (TRC) 
presents a unique case study in which this can occur. At the EWC, a set number of 
predators are enclosed in permanent structures that limit their distribution across the 
property. From our prior work in similar habitat (Yocom-Russell and Verble 2020), we 
predicted that their presence and cues would decrease local abundance, diversity, and 
activity of native mammals. We predicted this effect would decrease with distance from 
predators, and we predicted that the effect of predators would be most pronounced for 
species that rely on anti-predator survival strategies such as avoiding detection or fleeing.
2. MATERIALS AND METHODS
2.1. FIELD SITES
This project was conducted on Tyson Research Center (TRC), a biological 
research station owned by Washington University in St. Louis, Missouri. The research
30
station is 2,000 acres and located in southern St. Louis County, Missouri, and part of 
the protected 8,000 acres Henry Shaw Ozark corridor. Elevations at the site range from 
127 m to 233 m above sea level (Pitts et al. 1997). Mean annual rainfall is 95.7 cm and 
the mean annual temperature is 13.5 °C (Liang et al. 2019). Local aquifers are Meramec 
River alluvium, Mississippian limestone, and Ordovician carbonates. Soils are chert-free 
limestone, cherty limestone, and deep loess. The landscape is karst-dominated. TRC is 
dominated by upland oak (Quercus spp.) and hickory (Carya spp.) forests (approximately 
85% land cover) and interspersed with bottomland forests (Ulmus spp., Platanus 
occidentalis), old fields, fens, prairies, limestone dolomite glades, and human-disturbed 
pockets.
TRC is dissected by roads and trenches that were created during its previous land 
use history as a military installation in the 1940s, and these paths have likely become 
important corridors for wildlife travel and resource use on site. Forestry practices on the 
site currently include experimental prescribed burning and eastern red cedar (Juniperus 
virginianus) removal. Hunting is not allowed.
The Endangered W olf Center (EWC) is a separately managed organization 
located entirely within the borders of TRC. EWC was opened in 1971 and is certified by 
the Association of Zoos and Aquariums to house six species of canids for research and 
reintroduction purposes. At present, Mexican wolves (Canis lupus baileyi), red wolves 
(Canis rufus), maned wolves (Chrysocyon brachyurus), African painted dogs (Lycaon 




In August 2018, 23 passive camera traps (no bait or attractant) were stratified in a 
100-acre sectioned grid across TRC, representing 95% coverage of the site. Reconyx and 
Bushnell cameras were utilized and set on a 3-picture burst setting and loaded with 16 
GB data storage cards. Cameras were mounted at 1.5 m above ground level and aimed 
downward at a 10-degree angle. Vegetation and potentially obscuring items were cut or 
removed as needed. Cameras were placed at North, Northwest, Northeast, South, 
Southwest, or Southeast directions to avoid sun glare. I f  the camera locations were placed 
on or near an inclined game trail, the camera was faced uphill, to prevent unreadable 
triggers (e.g., animals in the distance that cannot be positively identified). When this was 
the case, cameras were not placed at a 10-degree downward angle. Cameras were left in 
place through December of the year and checked for battery life and data card storage 
capacity at intervals < 4 days. Identical methods were repeated in 2019. Data were 
downloaded from storage cards onto cloud storage and shared by TRC researchers with 
the Verble Lab.
2.3. DATA ANALYSIS
Game camera photos were downloaded to local storage and analyzed using 
Colorado Parks and Wildlife Photo Warehouse (Newkirk 2016). Analyzed variables 
included time of day, location, and date for each photo. Recorded metadata included 
species presence, identification and number of individuals and season (pre- or post­
frost). Total numbers of photos, including photos with no identifiable animals, were also
tallied for each camera.
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We constructed 1000 m buffers around the EWC perimeter using ARC GIS to 
include all camera trapping sites. Using ArcMap, we determined the distance of each 
camera from the boundary of the EWC pens. We used buffers set at 1000m, 2000m, 
3000m and 4000m from the pen boundaries, and cameras within the assigned boundaries 
were categorized as A, B, C, and D respectively (Figure 1).
Total numbers of photos with mammals or turkeys present, species richness, 
individual species abundance (represented as the maximum number of individuals of the 
same species in a single photo per night), and Shannon diversity index were compared 
among years, seasonality (pre- or post-frost, as calculated by annual average frost date 
(MRCC 2021) and buffers using general linear models (GLM) with year, season, and 
year*season as independent variables (alpha = 0.05). Given the robustness of the GLM 
and the large sample sizes of photos and sites, we did not transform non-normal data. A 
principal components analysis (PCA) was used to compare activity levels (defined by 
total number of photos of a species per site) between species, distance and year. All data 
were analyzed and visualized using JMP statistical software (SAS 2019) and Excel 
(Microsoft Office 2019).
3. RESULTS
We collected a total of 92,679 photos (63,022 containing detectable animals) over 
the two trapping seasons (2018 N =15,713; 2019 N = 47,309). White-tail deer were the 
dominant species recorded (N = 49,166; 78% of total photos), followed by squirrels 
(Scurius spp.; N = 4, 794, 7% of total photos). In total, we recorded 12 mammalian
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species and Wild Turkey. All species detected were found during both trapping 
seasons of the study.
The number of species present at all sites increased from 2018 to 2019 (Table 1, 
Figure 2; df= 1, F = 8.3109, p = 0.0050). Species abundance at all sites also increased 
from 2018 to 2019 (Table 2, Figure 3; df= 1, F = 236.5055, p = 0.0001). Shannon 
diversity metrics were significantly higher in 2019 (Table 3, Figure 4; df= 1, F = 16.5570, 
p = 0.0001). The average number of photos per site increased from 2018 to 2019 (Table 
4, Figure 5; df= 1, F = 23.4304, p = <0.0001). Season of sampling had no effect on any of 
the community metrics in either year (p = .6861).
Native animal abundance differed significantly among all sites at all distances 
across both observation years (Table 5; df=7 , F = 2.2275 , p = 0.0398). White-tail deer 
abundance was highest in the buffer zone most distant from the wolf center (Table 6, 
Figure 6; df= 3, F = 3.7195, p = 0.0145). Armadillo abundance was significantly higher 
in 2019 than in 2018 (Table 7, Figure 7; df= 1, F = 10.5826, p = 0.0016). Squirrel 
abundance was highest in buffer C (Table 8, Figure 8; df= 3, F = 3.5132, p = 0.0187). 
Opossum abundance was highest in buffer C (Table 9, Figure 9; d f = 3, F = 3.5132, p = 
.0187).
Wild Turkey abundance increased among years (Table 10, Figure 10; df= 3, F = 
14.2119, p = 0.0003). Coyote abundance increased in 2019 (Table 11, Figure 11; df= 3, F 
= 6.1662, p = 0.0150). Squirrels (Sciurus niger and Scurius caronlinesis) were more 
likely to be present in buffer C (Table 12; df= 3, F = 10.7164, p = 0.0015). Opossum was 
most present in buffer C (Table 13; d f =3, F = 0.0488. Turkeys were most common in 
2019 in Buffer C (Table 14; d f = 3, F = 3.3203, p = 0.0237).
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The difference between the year was drove activity levels for white-tail deer, 
raccoon, squirrel, turkey, and coyote (Table 15, Table 16). As activity levels for white- 
tail deer increased, activity levels for raccoon, turkey, coyote, bobcat, and opossum 
increased. Raccoon activity was positively correlated with squirrel, turkey, and coyote 
activity. Armadillo activity increased with squirrel activity. As turkey activity increased, 
skunk activity increased. Coyote activity positively correlated with bobcat and opossum 
activity. Fox activity increased as skunk activity increased. Bobcat activity increased with 
opossum and rabbit activity level. As opossum activity increased groundhog activity 
increased.
Component 1, 2 and 3 of the PCA analysis accounted for 50% of the variation in 
the data (Table 17). The majority of component 1 was driven by white-tail deer, raccoon, 
and coyote activity (Table 18). Coyote, bobcat, and rabbit activity explained the second 
component. The third principal component was majorly influenced by activity of fox, 
skunk, and groundhog.
4. DISCUSSION
Overall, our results suggest that the EWC is influencing the distribution and 
diversity of native wildlife at TRC. However, the effects were species specific and are 
not as direct and clear as declining community metrices with distance. While our results 
supported the hypothesis that the EWC was influencing animal distribution, its effects are 
limited to certain species. Predators were less influenced than herbivores by the presence 
of the EWC. Sampling year also influenced these results, with more total photos and 
more animals being recorded in 2019. Interestingly, we observed no differences between
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pre-frost and post-frost community metrices in either year, a result that warrants 
further investigation.
Our data also supported other drivers of native wildlife distribution around TRC. 
Coyotes seem to be a top contributor of activity levels around TRC. This plagues an 
interesting connection to the confined canids in EWC and lends potential for future 
studies of these effects. Mesocarnivore activity was generally positively correlated with 
other mesocarnivores. This activity seems to suggest some similar driver of this 
distribution. The driver in this case could be a number of things but is not limited to prey 
species since some of this activity was not correlated to prey species. Studies have 
suggested that predator cues have the ability to attract other predators (Severud et al, 
2011). The data gathered in from this study could support that and warrant further 
examination.
Predators are an important aspect to the ecology of any environment. They are 
crucial for control of prey species and keeping the populations within their carrying 
capacities. Predator distribution across a landscape is known to influence the distribution 
of prey species (Kacelnik et al. 1992); however, few studies have explicitly manipulated 
the distribution of predators through intentional confinement and concentration. This 
study was able to opportunistically use a unique set of circumstances to examine this 
question.
For TRC, these results have important management implications for the ongoing 
research activities at the site: Studies of mammals and wild turkeys have the potential to 
be significantly biased and skewed by the presence of the EWC. The EWC’s proximity 
to study sites should be closely considered in project design and accounted for in data
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analysis. Further, secondary ecological effects from animal distributional patterns are 
likely to exist, even though they were beyond the scope of this study. Vegetation patterns 
and distribution of insects and parasites are likely to be shaped by these patterns and 
understanding their distributions in relation to the EWC should be prioritized. Future 
studies of the EW C’s impact on TRC wildlife should begin to elicit mechanisms to 
minimize its impacts, including scent reduction techniques, blinds, and sound mufflers.
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Table 1. Analysis of variance for number of species among all sites (N = 23) at all
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 69.5477 2.3317 0.0318*
Year 1 35.4132 8.3109 0.0050*
Distance 3 22.9352 1.7942 0.1545
Distance*Year 3 14.9168 14.9168 1.1669
Error 84 357.9306
Table 2. Analysis of variance for individuals among all sites (N = 23) at all distances 
across both observation years. DF = degrees of freedom. SS = sum of squares. Alpha =
0.05.
Source DF SS F P
Model 7 291.5891 2.8843 0.0095*
Year 1 236.5055 16.3759 0.0001*
Distance 3 19.9391 0.4602 0.7108
Distance*Year 3 33.5630 33.5630 0.7746
Error 84 1213.1500
Table 3. Analysis of variance for total Shannon diversity Index among all sites (N = 23) 
at all distances across both observation years. DF = degrees of freedom. SS = sum of
squares. Alpha = 0.05.
Source DF SS F P
Model 7 7 3.3884 0.003*
Year 1 5 16.5570 0.0001*
Distance 3 1 1.4087 0.2460
Distance*Year 3 1 1 1.6589
Error 84 25
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Table 4. Analysis of variance for total photos per species among all sites (N = 23) at all
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 13682104 4.2275 0.0005*
Year 1 10832954 23.4304 <.0001*
Distance 3 1995670 1.4388 0.2373
Distance*Year 3 835269 835269 0.6022
Error 84 38837132
Table 5. Analysis of variance for Model abundance among all sites (N = 23) at all 
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 8.2705 2.2275 0.0398*
Error 84 44.5556 0.5304
Table 6. Analysis of variance for white tail deer abundance among all sites (N = 23) at 
all distances across both observation years. DF = degrees of freedom. SS = sum of
squares. Alpha = 0.05.
Source DF SS F P
Model 7 17.2577 2.6002 0.0177*
Year 1 0.4643 0.4897 0.4860
Distance 3 10.5710 3.7195 0.0145*
Distance*Year 3 5.3626 1.8853 0.1383
Error 84 79.6444
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Table 7. Analysis of variance for armadillo abundance among all sites (N = 23) at all
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 8.9571 1.6901 0.1224
Year 1 8.0122 10.5826 0.0016*
Distance 3 0.6168 0.2716 0.8457
Distance*Year 3 0.4164 0.1833 0.9075
Error 84 63.5972
Table 8. Analysis of variance for squirrel abundance among all sites (N = 23) at all 
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 7.2752 2.2122 0.0411*
Year 1 1.7798 3.7884 0.0550
Distance 3 4.9516 3.5132 0.0187*
Distance*Year 3 0.1932 0.1371 0.9376
Error 84 39.4639
Table 9. Analysis of variance for Opossum abundance among all sites (N = 23) at all 
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 3.4880 2.3681 0.0294*
Year 1 0.7227 3.4347 0.0674
Distance 3 1.7255 2.7335 0.0488*
Distance*Year 3 0.8821 1.3973 0.2493
Error 84 17.6750
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Table 10. Analysis of variance for turkey abundance among all sites (N = 23) at all
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 74.8153 2.5104 0.0215*
Year 1 60.5054 14.2119 0.0003*
Distance 3 9.6917 0.7588 0.5203
Distance*Year 3 8.7757 0.6871 0.5624
Error 84 357.6194
Table 11. Analysis of variance for coyote abundance among all sites (N = 23) at all 
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 8.2705 2.2275 0.0398*
Year 1 3.2707 6.1662 0.0150*
Distance 3 3.3261 2.0902 0.1076
Distance*Year 3 2.1618 1.3586 0.2611
Error 84 44.5556
Table 12. Analysis of variance for squirrel presence among all sites (N = 23) at all 
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 3.539010 2.4505 0.0246*
Year 1 2.2109590 2.0714 0.1101
Distance 3 1.2820652 10.7164 0.0015*
Distance*Year 3 0.1265097 0.2044 0.8931
Error 84 17.330556
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Table 13. Analysis of variance for opossum presence among all sites (N = 23) at all
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 3.488043 2.3681 0.0294*
Year 1 0.7227190 3.4347 0.0674
Distance 3 1.7255435 2.7335 0.0488*
Distance*Year 3 0.8820652 1.3973 0.2493
Error 84 17.675000
Table 14. Analysis of variance for turkey presence among all sites (N = 23) at all 
distances across both observation years. DF = degrees of freedom. SS = sum of squares.
Alpha = 0.05.
Source DF SS F P
Model 7 5.080918 3.4785 0.0025*
Year 1 3.6253447 17.3741 <.0001*
Distance 3 0.2198068 0.3511 0.7884
Distance*Year 3 2.0785024 3.3203 0.0237*
Error 84 17.527778
Table 15. The PCA correlation matrix reported positive year and species trends on activity levels.
D e e r D is t a n c e Y e a r R a c c o o n A r m a d i l l o S q u ir r e ls T u r k e y C o y o t e F o x B o b c a t O p o s s u m S k u n k R a b b it G r o u n d h o g
T o t a l
P h o t o s
D e e r 1 .0 0 0 0 0 .1 4 8 4 0 .3 8 6 1 0 .4 4 8 9 0 .0 9 2 2 0 .1 0 5 7 0 .3 6 3 4 0 .5 5 3 4 - 0 .0 3 8 7 0 .2 5 5 9 0 .2 7 3 3 0 .0 4 9 4 0 .0 5 5 0 - 0 .0 5 3 8 0 .9 7 1 9
D is t a n c e 0 .1 4 8 4 1 .0 0 0 0 0 .0 0 0 0 - 0 .0 4 0 4 0 .0 8 4 2 0 .1 0 3 5 - 0 .0 4 6 3 0 .3 3 5 7 0 .1 0 8 3 0 .0 3 7 0 0 .1 5 1 1 0 .0 7 6 4 - 0 .0 1 1 9 0 .0 1 9 7 0 .1 5 2 8
Y e a r 0 .3 8 6 1 0 .0 0 0 0 1 .0 0 0 0 0 .2 5 9 0 0 .1 5 8 5 0 .3 8 3 7 0 .3 9 8 6 0 .2 4 1 5 - 0 .0 5 9 9 0 .0 6 3 2 0 .0 8 4 2 0 .0 8 1 3 - 0 .0 8 2 2 - 0 .0 1 3 4 0 .4 5 4 5
R a c c o o n 0 .4 4 8 9 - 0 .0 4 0 4 0 .2 5 9 0 1 .0 0 0 0 0 .1 7 9 7 0 .3 2 2 2 0 .4 2 1 3 0 .1 6 8 1 - 0 .0 7 9 7 0 .0 6 0 8 0 .4 5 6 9 - 0 .0 5 0 0 0 .0 6 1 2 0 .1 8 5 8 0 .5 6 8 0
A r m a d i l l o 0 .0 9 2 2 0 .0 8 4 2 0 .1 5 8 5 0 .1 7 9 7 1 .0 0 0 0 0 .5 6 8 1 0 .0 3 4 2 0 .0 2 8 2 - 0 .0 3 9 5 - 0 .0 8 8 2 0 .1 6 1 5 - 0 .0 4 7 6 - 0 .0 6 2 4 - 0 .0 5 9 4 0 .2 4 3 4
S q u ir r e ls 0 .1 0 5 7 0 .1 0 3 5 0 .3 8 3 7 0 .3 2 2 2 0 .5 6 8 1 1 .0 0 0 0 0 .1 2 4 4 0 .0 0 6 0 - 0 .0 6 3 4 - 0 .1 2 0 0 0 .1 8 0 0 - 0 .0 4 2 9 - 0 .0 9 8 8 0 .1 9 5 7 0 .2 9 9 2
T u r k e y 0 .3 6 3 4 - 0 .0 4 6 3 0 .3 9 8 6 0 .4 2 1 3 0 .0 3 4 2 0 .1 2 4 4 1 .0 0 0 0 0 .0 6 8 1 0 .1 5 6 5 0 .1 6 0 7 0 .0 6 3 3 0 .2 3 1 3 0 .0 2 0 4 0 .0 2 1 3 0 .4 4 8 1
C o y o t e 0 .5 5 3 4 0 .3 3 5 7 0 .2 4 1 5 0 .1 6 8 1 0 .0 2 8 2 0 .0 0 6 0 0 .0 6 8 1 1 .0 0 0 0 0 .0 3 4 0 0 .4 8 9 4 0 .2 9 0 4 0 .0 8 4 3 0 .1 0 3 9 - 0 .0 6 0 3 0 .5 3 3 0
F o x - 0 .0 3 8 7 0 .1 0 8 3 - 0 .0 5 9 9 - 0 .0 7 9 7 - 0 .0 3 9 5 - 0 .0 6 3 4 0 .1 5 6 5 0 .0 3 4 0 1 .0 0 0 0 - 0 .0 1 0 6 0 .0 6 7 7 0 .6 5 1 1 - 0 .0 3 9 0 0 .1 4 8 9 - 0 .0 3 0 8
B o b c a t 0 .2 5 5 9 0 .0 3 7 0 0 .0 6 3 2 0 .0 6 0 8 - 0 .0 8 8 2 - 0 .1 2 0 0 0 .1 6 0 7 0 .4 8 9 4 - 0 .0 1 0 6 1 .0 0 0 0 0 .2 9 5 2 0 .0 4 2 4 0 .5 7 4 8 - 0 .0 5 2 3 0 .2 4 1 9
O p o s s u m 0 .2 7 3 3 0 .1 5 1 1 0 .0 8 4 2 0 .4 5 6 9 0 .1 6 1 5 0 .1 8 0 0 0 .0 6 3 3 0 .2 9 0 4 0 .0 6 7 7 0 .2 9 5 2 1 .0 0 0 0 0 .1 3 0 8 0 .1 6 3 6 0 .4 7 1 7 0 .3 4 3 4
S k u n k 0 .0 4 9 4 0 .0 7 6 4 0 .0 8 1 3 - 0 .0 5 0 0 - 0 .0 4 7 6 - 0 .0 4 2 9 0 .2 3 1 3 0 .0 8 4 3 0 .6 5 1 1 0 .0 4 2 4 0 .1 3 0 8 1 .0 0 0 0 - 0 .0 2 7 4 - 0 .0 2 4 8 0 .0 6 0 5
R a b b it 0 .0 5 5 0 - 0 .0 1 1 9 - 0 .0 8 2 2 0 .0 6 1 2 - 0 .0 6 2 4 - 0 .0 9 8 8 0 .0 2 0 4 0 .1 0 3 9 - 0 .0 3 9 0 0 .5 7 4 8 0 .1 6 3 6 - 0 .0 2 7 4 1 .0 0 0 0 - 0 .0 3 3 4 0 .0 4 7 8
G r o u n d h o g - 0 .0 5 3 8 0 .0 1 9 7 - 0 .0 1 3 4 0 .1 8 5 8 - 0 .0 5 9 4 0 .1 9 5 7 0 .0 2 1 3 - 0 .0 6 0 3 0 .1 4 8 9 - 0 .0 5 2 3 0 .4 7 1 7 - 0 .0 2 4 8 - 0 .0 3 3 4 1 .0 0 0 0 0 .0 0 0 4
T o t a l  P h o t o s 0 .9 7 1 9 0 .1 5 2 8 0 .4 5 4 5 0 .5 6 8 0 0 .2 4 3 4 0 .2 9 9 2 0 .4 4 8 1 0 .5 3 3 0 - 0 .0 3 0 8 0 .2 4 1 9 0 .3 4 3 4 0 .0 6 0 5 0 .0 4 7 8 0 .0 0 0 4 1 .0 0 0 0
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Table 16. The PCA covariance matrix report.
D e e r D is t a n c e Y e a r R a c c o o n A r m a d i l lo S q u ir r e ls T u r k e y C o y o t e F o x B o b c a t O p o s s u m S k u n k R a b b it G r o u n d h o g T o t a l  P h o t o s
D e e r 4 3 7 7 0 6 .7 7 9 9 1 8 4 .4 2 1 2 8 .4 2 1 7 7 0 9 .5 3 3 2 4 7 .9 8 6 9 2 1 .2 0 1 3 5 2 7 .9 0 5 5 6 7 .5 7 - 2 3 .3 5 9 6 6 .2 4 2 6 9 7 .9 7 1 9 7 .7 1 4 3 .4 9 - 5 8 .1 1 4 8 8 5 0 4 .9 0
D is t a n c e 9 9 1 8 4 .4 2 1 0 2 0 5 4 4 .7 0 0 .0 0 - 2 4 3 1 .9 2 4 5 3 0 .3 4 1 0 3 4 6 .3 9 - 2 6 2 9 .2 4 5 1 5 7 .6 7 9 9 .8 6 2 1 3 .0 9 2 2 7 8 .0 7 4 6 7 .2 7 - 1 4 .3 3 3 2 .4 9 1 1 7 2 3 4 .1 1
Y e a r 1 2 8 .4 2 0 .0 0 0 .2 5 7 .7 6 4 .2 4 1 9 .0 9 1 1 .2 7 1 .8 5 - 0 .0 3 0 .1 8 0 .6 3 0 .2 5 - 0 .0 5 - 0 .0 1 1 7 3 .6 0
R a c c o o n 1 7 7 0 9 .5 3 - 2 4 3 1 .9 2 7 .7 6 3 5 5 5 .7 2 5 7 0 .4 6 1 9 0 1 .2 2 1 4 1 3 .6 4 1 5 2 .4 2 - 4 .3 4 2 0 .6 9 4 0 6 .5 3 - 1 8 .0 3 4 .3 6 1 8 .0 9 2 5 7 3 0 .2 8
A r m a d i l l o 3 2 4 7 .9 8 4 5 3 0 .3 4 4 .2 4 5 7 0 .4 6 2 8 3 5 .2 1 2 9 9 3 .3 4 1 0 2 .3 4 2 2 .8 3 - 1 .9 2 - 2 6 .8 1 1 2 8 .3 0 - 1 5 .3 5 - 3 .9 8 - 5 .1 6 9 8 4 7 .2 5
S q u ir r e ls 6 9 2 1 .2 0 1 0 3 4 6 .3 9 1 9 .0 9 1 9 0 1 .2 2 2 9 9 3 .3 4 9 7 9 1 .4 6 6 9 2 .8 4 9 .0 2 - 5 .7 2 - 6 7 .7 6 2 6 5 .7 0 - 2 5 .7 0 - 1 1 .7 0 3 1 .6 2 2 2 4 9 5 .5 0
T u r k e y 1 3 5 2 7 .9 0 - 2 6 2 9 .2 4 1 1 .2 7 1 4 1 3 .6 4 1 0 2 .3 4 6 9 2 .8 4 3 1 6 5 .9 2 5 8 .2 9 8 .0 4 5 1 .6 1 5 3 .1 8 7 8 .7 5 1 .3 7 1 .9 6 1 9 1 5 5 .8 2
C o y o t e 5 5 6 7 .5 7 5 1 5 7 .6 7 1 .8 5 1 5 2 .4 2 2 2 .8 3 9 .0 2 5 8 .2 9 2 3 1 .2 8 0 .4 7 4 2 .4 9 6 5 .9 0 7 .7 6 1 .8 9 - 1 .5 0 6 1 5 8 .4 2
F o x - 2 3 .3 5 9 9 .8 6 - 0 .0 3 - 4 .3 4 - 1 .9 2 - 5 .7 2 8 .0 4 0 .4 7 0 .8 3 - 0 .0 6 0 .9 2 3 .6 0 - 0 .0 4 0 .2 2 - 2 1 .3 4
B o b c a t 9 6 6 .2 4 2 1 3 .0 9 0 .1 8 2 0 .6 9 - 2 6 .8 1 - 6 7 .7 6 5 1 .6 1 4 2 .4 9 - 0 .0 6 3 2 .5 8 2 5 .1 4 1 .4 6 3 .9 2 - 0 .4 9 1 0 4 9 .0 4
O p o s s u m 2 6 9 7 .9 7 2 2 7 8 .0 7 0 .6 3 4 0 6 .5 3 1 2 8 .3 0 2 6 5 .7 0 5 3 .1 8 6 5 .9 0 0 .9 2 2 5 .1 4 2 2 2 .6 4 1 1 .8 1 2 .9 2 1 1 .4 9 3 8 9 2 .5 0
S k u n k 1 9 7 .7 1 4 6 7 .2 7 0 .2 5 - 1 8 .0 3 - 1 5 .3 5 - 2 5 .7 0 7 8 .7 5 7 .7 6 3 .6 0 1 .4 6 1 1 .8 1 3 6 .6 3 - 0 .2 0 - 0 .2 5 2 7 8 .2 0
R a b b it 4 3 .4 9 - 1 4 .3 3 - 0 .0 5 4 .3 6 - 3 .9 8 - 1 1 .7 0 1 .3 7 1 .8 9 - 0 .0 4 3 .9 2 2 .9 2 - 0 .2 0 1 .4 3 - 0 .0 7 4 3 .4 1
G r o u n d h o g - 5 8 .1 1 3 2 .4 9 - 0 .0 1 1 8 .0 9 - 5 .1 6 3 1 .6 2 1 .9 6 - 1 .5 0 0 .2 2 - 0 .4 9 1 1 .4 9 - 0 .2 5 - 0 .0 7 2 .6 7 0 .4 8
T o t a l
P h o t o s
4 8 8 5 0 4 .9 0 1 1 7 2 3 4 .1 1 1 7 3 .6 0 2 5 7 3 0 .2 8 9 8 4 7 .2 5 2 2 4 9 5 .5 0 1 9 1 5 5 .8 2 6 1 5 8 .4 2 - 2 1 .3 4 1 0 4 9 .0 4 3 8 9 2 .5 0 2 7 8 .2 0 4 3 .4 1 0 .4 8 5 7 7 1 3 4 .4 6
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Table 17. The first three Eigen values of the principal component analysis accounted for fifty percent of the variation of data for the
project.
Component Eigen value Precent Cumulative Precent
1 3.75 24.99 24.99
2 1.99 13.29 38.29
3 1.76 11.72 50.00
4 1.53 10.22 60.22
5 1.31 8.75 68.97
6 1.11 7.38 76.35
7 0.77 5.14 81.48
8 0.69 4.60 86.09
9 0.50 3.31 89.39
10 0.47 3.14 92.53
11 0.39 2.59 95.12
12 0.32 2.14 97.26
13 0.24 1.61 98.87
14 0.17 1.13 100.00
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Table 18. Principal components analysis and its drivers. (X= Principal Component number, Y= Driver)
1 2 3 4 5 6 7 8 9 1 0 11 12 13 1 4
W h it e - t a i l  D e e r
0 .4 3 1 3 0 .0 7 7 2 - 0 .0 9 8 5 - 0 .2 1 5 5 0 .0 2 5 5 - 0 .2 4 2 5 - 0 .2 0 6 7 - 0 .0 8 5 8 0 .3 7 1 4 - 0 .1 2 4 9 - 0 .2 0 4 6 - 0 .0 9 7 8 - 0 .1 1 1 5 0 .0 4 4 0
D is t a n c e
0 .1 1 1 8 0 .0 9 1 7 0 .0 9 4 2 0 .0 6 9 3 0 .6 4 3 7 - 0 .1 4 5 7 0 .1 6 3 9 0 .6 6 7 8 - 0 .0 9 7 3 - 0 .0 9 3 7 - 0 .0 9 5 3 0 .0 2 4 1 - 0 .0 8 0 7 0 .1 5 0 5
Y e a r
0 .2 8 9 1 - 0 .1 9 4 6 0 .0 2 0 0 - 0 .2 6 1 6 - 0 .0 9 0 3 0 .1 0 3 7 0 .6 6 7 0 - 0 .1 8 5 8 - 0 .1 4 8 3 - 0 .3 0 6 7 - 0 .1 3 6 2 0 .3 9 6 3 - 0 .0 6 8 4 0 .1 2 2 9
R a c c o o n
0 .3 4 4 6 - 0 .1 7 5 4 - 0 .0 2 8 9 0 .1 5 3 5 - 0 .3 0 7 0 - 0 .1 1 1 4 - 0 .3 2 9 0 0 .2 2 6 2 - 0 .3 2 3 8 - 0 .1 7 5 9 0 .5 0 4 3 0 .1 9 9 1 0 .0 4 8 8 0 .3 5 2 9
A r m a d i l lo
0 .1 5 4 1 - 0 .3 7 9 0 - 0 .0 1 2 3 0 .0 8 7 7 0 .3 0 3 5 0 .4 9 7 6 - 0 .3 2 1 3 - 0 .1 1 8 6 0 .0 0 6 2 0 .3 1 6 2 - 0 .3 0 3 1 0 .2 9 5 8 0 .2 0 1 0 0 .2 1 2 6
S q u ir r e l  s p p
0 .2 0 7 9 - 0 .4 6 5 2 0 .0 4 5 4 0 .1 5 7 1 0 .1 5 3 1 0 .3 4 2 8 0 .2 0 4 0 0 .0 0 7 2 0 .1 6 0 3 - 0 .0 8 4 1 0 .3 9 8 0 - 0 .4 9 1 0 - 0 .1 5 9 5 - 0 .2 5 2 7
T u r k e y
0 .2 7 2 2 - 0 .0 2 6 8 0 .1 8 8 2 - 0 .2 5 4 0 - 0 .4 2 2 7 0 .0 8 8 3 0 .1 1 0 4 0 .4 7 4 1 - 0 .1 1 6 0 0 .4 8 8 1 - 0 .1 6 6 7 - 0 .0 7 5 3 0 .1 4 2 7 - 0 .3 0 5 4
C o y o t e
0 .3 1 6 7 0 .2 9 4 6 - 0 .0 9 5 2 - 0 .0 5 6 8 0 .3 5 7 7 - 0 .1 4 0 4 0 .1 2 1 6 - 0 .2 8 9 7 - 0 .1 1 7 6 0 .2 5 2 2 0 .3 9 9 6 0 .1 1 3 2 0 .4 8 3 0 - 0 .2 6 6 2
F o x  S p p
0 .0 1 3 8 0 .1 8 3 8 0 .6 4 3 5 - 0 .0 1 9 8 0 .0 4 3 5 0 .1 1 1 5 - 0 .1 0 8 7 - 0 .0 4 1 1 0 .3 0 4 9 0 .0 8 5 7 0 .2 8 0 7 0 .4 3 3 4 - 0 .3 7 2 4 - 0 .1 3 4 7
B o b c a t
0 .2 0 1 3 0 .4 7 9 9 - 0 .1 9 3 5 0 .1 3 3 0 - 0 .0 5 4 9 0 .3 1 2 0 0 .1 8 2 3 - 0 .1 0 3 4 - 0 .1 0 4 7 0 .3 6 0 0 0 .0 5 8 5 - 0 .2 0 5 1 - 0 .4 0 3 3 0 .4 2 5 5
O p p o s s u m
0 .2 7 7 6 0 .0 6 3 9 0 .1 0 4 1 0 .5 4 3 7 - 0 .0 0 7 0 - 0 .1 0 2 2 - 0 .1 0 4 7 - 0 .1 7 7 4 - 0 .4 2 8 2 - 0 .1 1 5 2 - 0 .3 4 4 9 0 .0 2 3 9 - 0 .2 4 2 5 - 0 .4 2 9 3
S k u n k
0 .0 6 8 6 0 .2 0 0 7 0 .6 0 8 0 - 0 .1 4 1 5 0 .0 1 4 3 0 .1 8 2 4 - 0 .0 8 2 4 - 0 .1 5 4 2 - 0 .2 1 6 7 - 0 .2 8 5 5 - 0 .1 2 2 0 - 0 .4 1 7 8 0 .3 4 2 9 0 .2 5 6 5
R a b b it
0 .0 7 5 4 0 .3 8 6 6 - 0 .2 1 9 4 0 .2 4 2 7 - 0 .1 6 5 8 0 .4 8 8 5 - 0 .0 0 2 8 0 .2 6 1 0 0 .3 0 1 9 - 0 .4 0 8 0 - 0 .0 2 6 8 0 .1 6 3 0 0 .2 9 0 4 - 0 .1 8 5 4
G r o u n d h o g
0 .0 6 4 0 - 0 .1 0 5 3 0 .2 2 1 9 0 .5 8 2 7 - 0 .1 6 6 4 - 0 .3 0 6 5 0 .3 2 5 3 - 0 .0 2 9 0 0 .3 9 7 4 0 .1 9 5 5 - 0 .0 8 6 2 - 0 .0 1 0 0 0 .2 9 2 3 0 .2 8 0 6
T o t a lP h o t o s /S p e c ie s
0 .4 7 4 9 - 0 .0 2 2 7 - 0 .0 6 4 6 - 0 .1 5 6 8 0 .0 1 4 2 - 0 .1 3 4 7 - 0 .1 9 2 0 - 0 .0 4 0 2 0 .2 9 9 1 - 0 .0 7 2 1 - 0 .1 1 9 5 - 0 .1 1 9 8 - 0 .0 8 4 1 0 .0 1 7 0
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Figure 1. Camera locations were placed in buffers set at 1 km, 2 km, 3 km and 4 km,
named A-D respectively, from EWC.
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Year
Figure 2. Average number of species per site increased in 2019. X = year. Y = mean




Figure 3. Average number of individuals per site increased in 2019. X = year. Y = mean
number of species. P = .0001.
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Year
Figure 4. Average Shannon diversity per site increased in 2019. X = year. Y = mean























Figure 5. Average number of photos per site increased in 2019. X = year. Y = mean
number of species. P = <.0001.
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Buffer
Figure 6. Deer abundance was highest in the buffer farthest from the predator enclosure. 
P= .0410. A, B, and C buffers were not significantly different. X = buffer (1,000 m 























Figure 7. Armadillo abundance per site increased in 2019. X = year. Y = mean number of
species. P = .0016.
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A B C D
Buffer
Figure 8. Squirrel abundance was highest in buffer C, third farthest from the predator 
enclosure. P= .0187. A, B, and D buffers were not significantly different. X = buffer 
(1,000 m concentric rings). Y = mean squirrel abundance across all points within a
buffer.
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A B C D
Buffer
Figure 9. Opossum abundance was in buffer C, third farthest from the predator 
enclosure. P= .0410. Buffer A was significantly different from the rest of the buffers. P 
=.0055. X = buffer (1,000 m concentric rings). Y = mean opossum abundance across all
points within a buffer.
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Figure 10. Turkey abundance per site increased in 2019. X = year. Y = mean number of













Figure 11. Coyote abundance per site increased in 2019. X = year. Y = mean number of
























Component 1 (25 %)
Figure 12. Principal component analysis.
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The first objective to this project was to assess whether predator urine influenced 
nuisance animal use of areas with high resource abundance and quality. Overall, we 
found limited support for the use of coyote urine as a raccoon deterrent and no support 
for coyote urine as a predator recruitment tool. We found that coyote urine reduced 
occurrence of raccoons and decreased bait removal (resource consumption); however, 
raccoon abundance and activity remained high when raccoons were present. Raccoon 
activity also increased diversity of other animals at the baits. Despite this, predator 
recruitment to baits and urine was extremely low and not statistically analyzed due to 
insufficient sample sizes.
The second objective for this study was to assess how confined predators would 
affect native mammal communities. We found that white-tail deer, turkey, squirrel and 
opossum were more abundant farther from predator enclosures. We also found that many 
species had highly variable yearly populations. These results have management 
implications for sites that have ongoing research studies: Studies of mammals and wild 
turkeys have the potential for unintentional bias by the presence of predator enclosures; 
thus, this should be accounted for in project design and accounted for in data analysis. 
Further, secondary ecological effects from animal distributional patterns are likely to 
exist, even though they were beyond the scope of this study. Future studies of predator
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enclosures’ impact on wildlife should begin to elicit mechanisms to minimize impacts, 
including scent reduction techniques, blinds, and sound mufflers. Continuation of this 
data collection as well as studies of habitat and insect diversity would also benefit the site 
in understanding the drivers of the mammal assemblages.
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